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A PREVIOUS paper by Turner, Radley and Mayneord (1961) presented the
results of an investigation into the levels of naturally occurring alpha activity
existing in the drinking waters of Britain. Attention was drawn to the fact that
the daily intakes of radium 226 and its daughters, from this source alone, could
vary byfactors ofup to 500 to I between individuals in different parts ofthe coun-
try. Earlier papers (Turner, Radley and Mayneord, 1958 ; andMayneord, Radley
and Turner, 1960) had 'Shown that the daily intakes of radium from food could
vary by factors of the same order, depending on the individual choice of diet. In
the present investigation an attempt has been made to ascertain whether any
differences can be observed between the mortality rates due to cancer of various
sites in sections of the population whose drinking waters have widely different
contents of natural radioactivity and of dissolved inorganic material.
Themortality data have been extracted from theRegistrar General's Decennial
Supplement, AreaMortality (I958)coveringthe four yearperiod 1950-53 andbased
on the 1951 census. The Standardised Mortality Ratios (S.M.R.'s) providedby the
Decennial Supplement have been used to compare mortality rates in local areas
with that ofEngland and Wales as a whole (S.M.R.
= 100) for a number of causes
of death.
The naturalalpha activities ofthedrinking waters are thosepreviouslyreported (Turner et al., 1961) for 71 supplies supplemented by data for an additional 30
sources measured more recently. During the past year, serial measurements have
been made on the residuesresulting fromevaporation oftheoriginal watersamples, special attention being given to those derived from Wales. Fractional increases of
alphaactivity, presumably due to the growth ofpolonium 210, were observed in a
few cases, but the majority of the specimens remained unchanged in activity throughout theperiod. In none ofthe watersamples could evidence be found ofthe
presence oflead 210 at a level ofactivity comparable with that due to radium 226
and its daughters.
Water activity and area mortality rate8
The selection of two regions of the country having drinking waters containing widely different amounts ofnaturalradioactivity, presents noproblem, since it has
been shown (Turner et al., 1961) that, apart from certain spa waters, the highest levels are to be found in the drinking wate-r supplies of Cornwall. On the other
hand, many of the waters supplied to the population of Wales contain extremely low levels of natural radioactivity, barely measureable even with highlv sensitive
modern techniques.28 R. C. TURNER
The maximum levelofnaturalalphaactivity so far observed indrinking water in
Cornwall is 10 micromicrocuries per litre due to long lived radium 226 and its
daughters, together with 10,000 to 20,000 micromicrocuries per litre of dissolved
radon 222 and its alpha, beta and gamma emitting decay products. It is probable
that waters containing levels of natural radioactivity at least as high, have been
consumedby thepopulation ofthat county for a very coiisiderable time. A number
ofthewells,springs and streams which, before the extensionofpipedsupplies, must
have contributed to the available drinking water are known to contain still higher
levels of natural activity (Peacock, 1961). If we take the observed level ofactivity
and the estimated number of consumers of each of the principal water supplies in
Cornwall, the calculated weighted mean value of radioactivity for the drinking
waterofthe countyis approximately 1-8 micromicrocurie per litre due tolonglived
radium and itsdaughters and 3000-4000 mi-cromicrocuries per litre due torelatively
short lived dissolved radon gas and its decay products.
For the purposes of comparison, the three Welsh counties of Caernarvon,
Merioneth andCardigantogether comprise an area where thedrinking waters have
very low naturalactivity, theweighted mean value oflong livedactivitybeingonly
ofthe order of0-05 micromicrocurie per litre. In otherwords, the meandaily intake
of radium .2.26 and its daughters, from drinking water, is some 36 times, and of
radon and its daughters more nearlv 1000 times higher in Cornwall than in the
three selected Welsh counties. Both areas are predominantlv rural, possess exten-
sive coast line and have a sufficiently large population for mortality rates over a
fotir year period to be reasonably defined for a number of diseases.
Fig. I gives the Standardised Mortality Ratios (S.M.R.'s) in the two areas for
males of all ages, for a number of causes, including all the types of cancer listed in
the Registrar General's (1958) Decennial Supplement covering the period 1950 to
1953. Fig. 2 gives the corresponding pattern of female mortalities. The total
number of deaths from each cause upon which each particular S.M.R. is based is
indicated on the diagrams.
It is evident from Fig. I that, with the exception of diabetes mellitus, the male
population of Cornwall shows no surplus mortalit during the period from anv of y I
the causes listed. On the contrary, there appeared to be a deficiency of carcinoma
trachea, lung and bronchus and of bronchitis and pneumonia. For deaths from all
causes the S.M.R. 93. In the Welsh area, on the other hand, there wa3 a large
surplus ofgastric cancer and ofrespiratorvtuberculosis, the S.M.R. for deaths due
to all causes being 104.
In Fig. 2 the female population ofCornwall appear to show a surplus of deaths
due to diabetes mellitus, although not so pronounced as in the males, together
withsurplus mortalityfrom carcinoma uterus and a possible slight excessofgastric
cancer. Bronchitis and pneumonia were significantly below the averaae for Eng-
land aiid Wales as also was cancer of the trachec-I., lung and bronchus. The S.M.R.
for deaths from all causes is given as 103.
In the Welsh counties the female population showed a coiisiderable excess of
gastric cancer together with a surplus of deaths from vascular lesions affecting the
central nervous system. As in the case ofCornwall, the area showed deficiencies of
both bronchitis andpneumonia. The S.M.R. for all causes ofdeath is given as 107.
Tlle small numbers of deaths from leukaemia occurring in each sex do not per-
mit separate comparisons of the mortality rates due to this cause in the two areas.
If we combine the figures for males and females, we have 71 observed deaths inloo t-------------------------------------------------- f----f
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CornwaRcompared with 66expected deaths. There is no evidence therefore ofany
surplusmortalityfrom leukaemia inCornwallduring theperiod under observation.
The excess of deathsfrom diabetesmellitusin both sexesinCornwallisregarded
asworthyofnote andoffutureinvestigation, butwillnotbediscussedinthepresent
paper.
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FIG. I.-Comparison of the S.M.R.'s for a number of diseases among males in Comwall and Wales.
Whilst we appreciate that Fig. I and 2 deal only with mortality rates and for
obvious reasons take no account of relative morbidities, it is clear from the mor-
talityrates, that inspite oftherelativelyhigh contents ofradium 226 and ofradon
222 in thedrinking waters ofCornwall, there is no evidence ofany excess cancer of
the breast, uterus, trachea, lung, bronchus, stomach, or ofleukaemia occurring in
Cornwall, compared with the three Welsh counties. On the contrary, although the
Welsh area has drinking waters ha-ving extremely low natural radioactivity, 430 R. C. TURNER
considerable excess of gastric cancer occurs'in both sexes. This surplus gastric
cancer mortahty has been observed for many years and has been reported by a
number ofinvestigators (Stocks, 1947; Stocks and Davies, 1960; Millar, 1961
Howe, 1959).
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FIG. 2.-Compaxison ofthe S.M.R.'s for a number ofdiseases among females in Comwall and Wales.
Furtherevidencethatthissurplusmortalityisveryunhkelyto beduetonatural
alphaactivity in thedrinking water isprovidedbyFig. 3 in which the S.M.R.'s for
gastric cancer in the two sexes have been plotted against the long hved alpha
activity of the drinking waters for a number of counties and county borougba
ofEngland and Wales. Every countyborougb in which the naturalradioactivity
of the drinking water has been measured (Turner et al., 1961), and for which the
Registrar Generalprovides the S.M.R. for gastric cancer, ha's been included in the
diagram. l[n cases where a county borough derives its water from more than oneRADIOACTIVITY AND HARDNESS OF WATER 31
source, acalculatedweighted meanactivityhasbeenusedbased on the relativebulk
contributions made by the various sources. These latter data have been obtained
partly from the Water Engineer's Handbook (1959) and partly from information
suppliedby theAhnistry ofHousing and Local Governmentduring thepreparation
of aprevious paper (Turner etal., 1961). In cases wherethe activities of a sufficient
number of the different supplies available in a particular county have been mea-
sured, aweighted mean value ofactivity has beencalculated, based on the number
of consumers ofeach individualsupply, andthe county has been included inFig. 3.
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FIG. 3.-Distribution of the S.M.R.'s for gastric cancer in relation to the radioactivity of
drinking water, 1950-53. Total population represented
= 18 millions.
Counties ofCaemarvon, Merioneth and Cardigan.
County.
0 County borough.
The total population represented in the diagram is approximately 18 milhons
and the radium contents ofthedrinking waters extend over arange ofalmost 50 to
1. The countyboroughs and countiesdepictedinFig. 3 ashavingthehigher values
of long lived activity in their water supplies (greater 'than approximately 0-4
micromicrocurie per litre) have been observed to have relatively high levels of
radon and its daughters, up to several hundred micromicrocuries per litre, also
present in the water. This seems to be the case when the water is derived from
boreholes ingeological strata other,than chalk and does nothappen to besubjected
to surface storage for aperiodlong compared with the 3-8day radioactive halflife
ofradon 222. Conversely the countyboroughs and counties with the lowest levels
of long hved activity in their water supphes are frequently areas deriving their32 R. C. TURNER
water from surface drainage. Such waters have been observed to contain only
very low radioactivity due to dissolved radon.
Fig. 3 takes no account of this fact and only deals with the loiig lived activity
present in the waters.
It will be seen that there is no relationship apparent between the mortality
rates due to gastric cancer and the radium contents of the drinking waters in the
various centres ofpopulation.
The combined Welsh counties of Caernarvon, Merioneth and Cardigan remain
outstanding with thehighestmortality rate and the lowestactivitydrinkingwater,
whereas the county borough with long lived activity some 50 times higher in its
water (plus, incidentally, 100 to 200 micromicrocuries per litre of radon and its
daughters) shows an S.M.R. = 100 in both sexes.
Whether we compare themortality rates for cancer ofdifferent sites or for other
causes of death, in two areas having very different levels of natural radioactivity
in their drinking water, or whether we consider the distribution of gastric cancer
in terms of such water activity, we are forced to the same conclusion.
Withinthe not inconsiderable range ofnatural activities present inthedrinking
waters of England and Wales, there is no evidence in the Registrar General's
(1958) returns for the period 1950-53, that even the highest observed contents of
radium or ofradon are in any wayresponsible for increasedmortality due to cancer
of the stomach or of any ofthe other sites considered above.
Water hardne&3 and mortality rate-s
During a previous investiga-tion into the natural radioactivities of drinking
waters, the total amount of dissolved inorganic material present in each water
sample was determined (Turner et al., 1-961). It was observed at the time, that the
specimens which originated in North Wales yielded very small amounts of residue
after evaporation, and that by Water Engineer's standards they were very soft
waters, often containingonly a few parts per million ofinorganic material. On the
other hand, the drinking waters examined from the eastern and southern regions
ofEngland were, by the same standards, usually hard or verv hard, withinorganic
contents ranging up to 400 parts per million.
It is ofinterest to compare the mortality rates from gastric cancer exhibited by
different sectionsofthepopulation, in termsofthehardnessoftheirdrinkingwaters.
The total hardness and the approximate number of consumers of each of the
1000principal water supplies ofEiigland and Wales have been extracted from the
WaterEngineer's Handbook (I959). For comparison ofmortality r-ates in different
counties, the total hardness of eAch principal supply available in a given county
has beenweighted with the estimated number of consumers and an overallweighted
mean figure derived for the total hardness of the drinking water in that county.
For comparison of mortality rates in county boroughs having more than one
source ofwater, a similarprocedure has beenadopted, based on the relativemagni-
tude of the bulk contributions made by the different supplies.
These calculations have involved a considerable amount of labour, but it is
thought that theweighted mean values ofwater hardness thus derived are the best
estimates that can be made on the existing data. The total number of water sup-
plies included in these calculations represents the drinking waters consumed by
more than 90 per cent of the population ofEngland and Wales.I
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Fig. 4 shows the result ofplotting the S.M.R. for gastric cancer in males ofaR
ages against the weighted mean total hardness of the drinking water, for the
counties ofEngland and Wales. AR counties are included-in the diagram with the
exception ofRadnor, Rutland, Westmorland, Soke ofPeterborough andHunting-
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FIG. 4.-Countydistributions ofthe S.M.R.'sforgastric canceramongmales ofall ages in terms
of water hardness, 1950-53. Counties ofEngland and Wales.
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don, whose relatively small populations did not permit reasonable assessment of
the S.M.R. over the four year period 1950-53 covered by the-Registrar General's
(1958) Decennial Supplement. FigA gives the-corresponding diagram for females
of all ages. In both sexes the S.M.R. appears -to-rise sharply above the national
average of I00in counties withincreasingly soft watersupplies. Onthe otherhand,
the largemajority of counties with watersupplies containing more than about 140WI
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FIG. 5.-County clistributions of the S.M.R.'s for gastric cancer among females of all ages in
terms of water hardness, 1950-53. Counties ofEngland and Wales.
40 English county.
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partspermillionofinorganic mattershowedsignificantdeficienciesofgastric cancer
in both sexes during the period.
The data contained in the twodiagrams are summarised in Table 1.
TABLF, I
Males
A
r -I
Actual Expected
deaths deaths
1,650 1,427
7,029 6,368
14,651 16,280
10,842 12,401
County
Drinking water
total hardness
parti; per million
Less than 50 .
99 Exceeding 100 .
1.9 200 .
Females
A
r I
Actual Expected
deaths deaths
1,299 1,091
5,561 4,802
11,493 12,830
8,647 10,057
S.M.R.
t'
A
M. F.
116 119
ill 116
90 89
87 86
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It will be observed that counties whose drinking waters contain less than 50
parts per million of dissolved mineral matter show an S.M.R. some 33 per cent
higher for males and 38 per centhigher for females than counties which have hard
waters, containing more than 200parts per million ofinorganic matter. Ifinstead
ofusing the S.M.R.'s for males and females of all ages, we consider only the age
group 45 to 64 years, the general shape of the patterns in Fig. 4 and 5 do not
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Fici. 6.-County borough distributions of the S.M.R.'s for gastric cancer among males of an
ages in terms of water hardness, 1950-53.
0 English county borough.
0 Welsh county borough.
significantlychange, apartfrom afew more countieshaving to be omittedby virtue of the smaller numbers of deaths then involved. Furthermore) if we derive and plot theweighted meanvalues ofthetemporaryinstead ofthe totalhardne-ss ofthe
waters, the resultant patterns for all ages and for the age group 45 to 64 years remains substantially unchanged from Fig. 4 and 5.
It is evident from the two diagrams that the counties exhibiting surplus mortality fromgastric cancer andhaving at the same time softdrinking waters are mostly counties of Wales. One might therefore argue from Fig. 4 and 5 that the
surplus mortality in these areas is a reflection of a characteristic of Welsh popula-U.
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tions and is only coincidentally related to water softness. That this is not the case
will be seen from Fig. 6 and 7, in which the individual S.M.R.'s for themajority of
the countyboroughs listed in the Decennial Supplement (Registrar General, 1958)
areplotted against the values oftotal hardness oftheirdrinking waters. Ofthe 82
countyboroughs only 4 are in Wales and thesetogether contribute only 5 per cent
of the total gastric cancer deaths represented in Fig. 6 and 7. A similar trend to-
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Fic.. 7.-Courity borough distributions of the SAI.R.'s for gastric cancer among fei-tiales of all
ages ill tei-ms of water hardness, 1950-53.
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wards higher gastric cancer mortality with increasing softness ofdrinking water is
displayed by county borougbs as was observed in the counties and again the
patterns do not significantlv change if the age group 45 to 64 years is substituted
for
'c all ages Table 11 summarises the data contained in Fig. 6 and 7 and
indicates approximately 25 per cent higher mortality in both sexes in county
boroughs with soft water supplies than in those with more than 200 parts per
million of dissolved mineral matter.
Evidentlv this phenomenon is not confined to Welsh populations and further
evidence of this fact emerges from consideration of the mortality rates for gastric37 RADIOACTIVITY AND HARDNESS OF WATER
TABLE II
County Borough
Drinking water
-total hardness
parts per million
Less than 50 .
99'
Exceeding 100 .
313- 200 .
Males
A
r
Actual Expected
deaths deaths
3898 3227
4972 4218
3796 3845
2230 2317
Females
A
r
Actual Expected
deaths deaths
3216 2718
4070 3528
3021 3173
1811 1917
S.M.R.
r
M. F.
121 119
118 116
99 95
96 95
cancer in the county ofYorkshire. The Decennial Supplement (Registrar General,
1958) provides separatemortality figures for the East, North and West Ridings of
that county and it sohappens that the watersupplies ofthe three areas have very
different values oftotal hardness. A calculatedweighted mean value oftotal hard-
ness, based on the number of consumers of each principal water supply, has been
derived for each of the Ridings.
Theseweighted meanfigurestogether with themortality data forgastric cancer
in the three areas are given in Table 111.
TABLE III
Total
hardness
Parts per
Area million
East Riding
. -,250
North Riding '150
West Riding -.,45
Less than 100 p.p.m.
Exceeding 100 p.p.m.
Males all ages
A
r I
Actual Expected
deaths deaths S.M.R.
133 175 76
261 281 93
1252 1180 106
1252 1180 106
394 456 86
Females all ages
A
r A
Actual Expected
deaths deaths S.M.R.
117 133 88
190 214 89
978 873 112
978 873 112
307 347 89
It is clear from the table that the trend towards higher mortality in the soft
water areas is still maintained in both sexes even if we consider the distribution of
gastric cancer within just a single county. The question arises whether a similar
trend towardshighermortality rates in areas ofincreasingly softdrinking waters is
displayed by cancer of any other site.
Fia. 8 aives the distribution ofthe S.M.R.'s for cancer ofthe breast and uterus
respectively, in the counties ofEngland and Wales, plottedagainst the total water
hardness. The greater scatter ofthe points in the diagram for cancer ofthe uterus
is presumed due in part to the relatively smaller number ofdeaths from this cause
in each county, compared with the corresponding figures for breast cancer. In
neither case does the distribution bear any resemblance to the pattern obtained
for gastric cancer in females in Fig. 5.
Fia. 9 -aives the county distribution for cancer ofthetrachea,lung and bronchus
in the two sexes. Both patterns tend to be dominatedby the high mortality rates
,appearing in London and Middlesex, but in neither case does the distribution
resemble that shown forgastric cancer inFig. 4 and 5. Evidently the trendtowards
higher mortality rates with increasing softness of water is not shown by cancer of
any of these sites.
In order toinvestigate thispoint in greater detail, 71 ofthe countyboroughs of
England together with the 29 metropolitan boroughs have been divided into two
groups. Group I consistsonly ofthe 33 countyborougbs with softdrinking waters
ranging in total hardness from 0 to 100 parts per million, while Group 2 includesI;n
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the 38 county boroughs and 29 metropolitan boroughs with hard drinking waters
ranging upwards from 100 to 400 parts per million of dissolved mineral matter.
The populations of the two groups are not very different and it will be observed
that the Welshpopulation, with its very softdrinkingwaters, has beendeliberately
excluded. The division into only two groups tends to minimise any differences
which may exist between mortality rates in areas ofdiffering water ha-rdness, such
as that indicatedby Fig. 4 and 5 for example, and one might expect to distinguish
only the gross differences, ifany, between the groups.
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FiG. 8.-County distributions of the S.M.R.'s for cancer of the breast and uterus, all ages, in
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Table IVgives the number ofactual and ofexpecteddeaths) in males ofall ages,
for a number ofdifferent causes, in the two groups ofcountyboroughs, while Table
V gives the data for females of all ages. The figures apply to the period 1950-53
and have been extracted from the Decennial Supplement (RegistrarGeneral, 1958).
It will be observed that, in spite of the exclusion ofthe Welsh population with
their very soft drinking waters, the soft water areas in Group I still show a surplus
mortality from gastric cancer in both sexes, the surplus being rather more pro-
nounced in females..ft 0 I -1
400 0
avL-m.
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FIG. 9--County distributions of the S.M.R.'s for cancer of the trachea, lung and bronchus in
both sexes, all ages, in terxns of water hardness. England and Wales, 1950-53.
0 English county.
0 Welsh county.
TABLE IV.-Males All Age8
Group 2
38 County boroughs and
29 metropolitan boroughs
Total hardness
100 to 400 p.p.m.
01 A
'I
Observed Expected
deaths deaths S.M.R.
6,289 6,268 100
895 821 109
11,460 9,013 127
Group 1
33 County boroughs
Total hardness
PI less than 100 p.p.m.
x-
I
Observed Expected
deaths deaths S.M.R.
, 5,341 4,677 115
633 627 101
and 8,452 6,842 124
Lary
Cause
Cancer stomach
Leukaemia and aleukae
Cancer trachea, lung i
bronchus
Diabetes mellitus..
Vascular lesions affect
C.N.S.
Atheroscleroks and coron.
disease
Respiratory tubbreulosis
650 103 919 875 105
16,211 113 20,427 22,093 92
672
ting 18,377
23,718 21,636 110 29,679 29,101 102
5,657 4,283 132 7,076 5,589 12740 R. C. TURNER
TABLE V.-Females All Age
Group 1
33 County boroughs
total hardness
less than 100 p.p.m.
t -A-
I
Observed Expected
S.M.R.
97
III
115
97
112
Group 2
38 County Boroughs and
29 metropolitan boroughs
total hardness
100 to 400 p.p.m.
Observed Expected
deaths deaths S.M.R.
6,720 6,587 102
3,354 3,303 102
4,937 5,220 94
789 753 105
2,114 1,759 120
Cause deaths deaths
Cancer breast 4,785 4,908
Cancer uterus 2,751 2,471
Cancer stomach 3,698 3,225
Leukaemia and aleukaemia 552 570
Cancer trachea, lung and 1,459 1,300
bronchus
Diabetes mellitus 1,478 1,375
Vascular lesions affecting the 24,797 23,350
C.N.S.
Atherosclerosis and coronary 13,115 12,696
disease
107 1,794 1,899
107 29,381 32,542
103 18,151 18,029
94
90
101
On the other hand no statistically significant difference appears between the
S.M.R.'s for cancer ofthetrachea, lung and bronchus in the two groups ofmales or
between the two groups of females. In the case of cancer of the breast and of
cancer of the uterus, there is also no apparent difference between the S.M.R.'s for
the two groups.
Thesefindings arecompatible with the county distributions shown inFig. 8 and
9 for cancers of the three sites.
No difference appears in the S.M.R.'s forrespiratory tuberculosis or for diabetes
mellitus in the two groups ofmales. The femalepopulation ofthe soft water areas
ofGroup I show surplus mortality (S.M.R. 107) due to diabetes mellitus compared
with those ofGroup 2 (S.M.R. 94). This latter fact is worthy of note, since Tables
IV and V do not include the population of Wales with its relatively very soft
drinking waters. It isinteresting to observe that the S.M.R.'s for diabetes mellitus
in the whole of Wales during the same period showed surplus mortality in females
(S.M.R. 121) but not in males (S.M.R. 97). This surplus mortality due to diabetes
mellitus among the female population of regions having soft drinking waters
appears not unlike thefindings above withregard togastric cancer, except that the
latter shows surplusmortality in both sexes in the soft water areas.
In the case of vascular lesions affecting the central nervous system, the mor-
tality rates appear significantly higher in both sexes in Group I (male S.M.R. 113 9
female S.M.R. 107) than in the harder water areas of Group 2 (male S.M.R. 92,
female S.M.R. 90). A similar finding has been reported by other investigators
(Morris, Crawford and Heady, 1961 ; Schroeder, 1960). Atherosclerotic heart and
coronary disease, on the other hand, shows a slight surplus mortality only among
males in the soft water areas.
Earlier in the present paper, during the comparison of mortality rates in two
areas having widely different water activities, it was difficult to discuss the rates
for leukaemia because of th'e small number of deaths from this cause in the two
regions during the four year period. Tables IV and V refer to considerablv larger
populations and it might be convenient, at this point, to consider the mortality
rates due to this type of cancer.
The I00 countyboroughs-comprising Groups I and 2 do not include thepopula-
tion ofCornwall, whioh has no county borough listed in the Decennial Supplement41 RADIOACTIVITY AND HARDNESS OF WATER
(Registrar General, 1958). We have already seen that the water supplies in Corn-
waR have higher levels of natural radioactivity than any other wa-ters so far
examined in England and Wales. Furthermore, they are anomalous in the sense
thattheirhigh activities are nottheresult oftheirhavinghigh contents ofdissolved
inorganic material, but are due to the relativelyhigh specific activity ofthe often
small amounts ofmineral matterpresent in them. Over the rest ofthe country the
drinking waters containing the largest amounts of dissolved inorganic material,
i.e. the hardest waters,generally are found to have the highest contents ofnatural
radioactivity (Turner et al., 1961). The fact that Cornwall is not included in the
datapresented in Table IV and V means, therefore, that the soft waters ofGroup
I are the waters with the lowest levels oflong lived natural activity. The harder
waters of Group 2, with their greater mineral contents, are estimated to have a
mean value oflong lived radioactivity- some 20 times higher than the mean value
present in those ofGroup 1. For dissolved radon and itsdecayproducts, the mean
level is ofthe order of 100 times greater in the drinking waters ofGroup 2.
The slight differences between the S.M.R.'s for leukaemia in the two groups,
indicated by Tables JV and V, are not statistically significant.
One other ty-pe of cancer, sometimes associated with radiation damage, is the
primary bone tumour. The number of deaths occurring in the population ofEng-
land and Wales due to this cause isapproximately 200 per year, and the Decennial
Supplement(RegistrarGeneral, 1958)provides noinformation ontheirgeographical
distribution. A det-ailed investigation into the incidence of such tumours has,
recently been reported (Mackenzie, Court Brown, DoR and Sissons, 1961 ; Court
Brown, Doll andHeasman, 1961) and we have extracted the data on their distribu-
tion inEngland and Wales during the period 1951-53. Fig. 10 shows the result of
plottingthe S.M.R.'sforprimarybonetumoursfor anumberofcountiesandcounty
boroughs, in terms of the total hardness of their drinking waters. The diagram
provides no evidence ofincreasedmortahty from such tumours in areashaving the
harder waters. There appears to be a trend in the opposite direction, even more
impressive than that indicated inFig. 4 and 5 for gastric cancer.
Ifwe divide the data into two groups, the S.M.R. for the soft waterregions (less
than I00parts permillion) is I14compared with 91 for the harder water areas (I00
to 400 parts per million). CornwaR is separately identified on the diagram and
shows no surplus mortality from primary bone tumours. Using a previous argu-
ment, if we exclude Cornwall, then the scale ofincreasing water hardness which
forms the abscissa ofFig. 10 may beregarded as a scale ofincreasing natural radio-
active content of the drinking waters. The range of radium contents covered by
the points in the diagram is again approximately 20 to 1, and the range of radon
levels of the order of I00 to 1.
There is no evidence ofincreasedmortahty due topri'mary bone tumours in the
populations consuming drinking water containing the highest levels of natural
radioactivity.
DISC'LTSSION
A number of investigators (Stocks, 1947,; Stocks and Davies, 1960.; Millar,
1.961 ; Allen-Price, 1960) havesuggested thatsurplusmortality rates due togastric
or other cancer exhibited by particular regions ofEngland and Wales might be a
result ofabnormally high levels of natural radioactivity in the soils, subsequently42 R. C. TURNER
appeariilg in the drinking waters and possibly in locally grown foods in the areas
concerned. The data presented in this paper do not provide any evidence of such
an association between cancer mortality rates and the natural radioactivities of
drinking waters in different parts of this countrv. The mortality figures for Corn-
wall during the period 1950-53 show no surplus leukaemia, primary tumours of
bone, or cancer of other sites in spite ofthe relativelyhigb levels of natural radio-
activity which have been present for a considerable time in the drinking water
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supplies of that county. On the other hand, a number of Welsh Counties, whose
drinking waters are known to contain very low levels ofnaturalactivity, show con-
siderable surplus mortality due to gastric cancer in both sexes. This phenomenon
is not confined to Welshpopulations, nor can it be a result ofingestingabnormally high levels of natural radioactivity in drinking water.
The regions of England and Wales which show significantly excess mortality from gastric cancer tend to be those with soft or very soft drinking waters and we
have seenthat, with theexception ofCornwall, these are the waters with the lowest
levels of natural radioactivity. This pattern ofincreasing gastric cancermortality
with decreasing amount ofinorganic material in the drinking water appears to be
maintainedregardless ofwhether the analysis is based on selected groups ofeither43 RADIOACTIVITY AND HARDNESS OF WATER
sex, in counties, countyboroughs or even within asingle county such as Yorkshife.
It isinteresting that surplus mortalitv due to diabetes mellitus among females also
appears to be a feature of the soft water regions, and a similar trend occurs in the
mortalitv rates due to vascular lesions affecting the central nervous system in both
sexes. These apparent anomalies are emphasised by the fact that the mortality
rates due to cancer of other sites, such as the trachea, lung, bronchus, breast and
uterus, and those for leukaemia, do not follow this pattern of distribution.
The composition of the inorganic matter present in any particular drinking
water is determined by a number offactors, including the nature of the soil, or the
geological formations over or through which the water has passed and the degree
of acidity possessed by the water before treatment. Examination of the under-
lying geological strata does not disclose any obvious feature common to the areas
of excess gastric cancer mortality. The strata range in age from the ancient
Cambrian and Ordovician formations encountered in Wales to the more recent
Carboniferous and New Red Sandstone areas of Lancashire and Yorkshire. It is
certainly true that many of the softer waters derive from peaty moorland areas
and are relatively acid, preceding adjustment of their pH before they are supplied
for human consumption. If variations occur in the efficiency with which the pH
adjustment is effected in different regions, it would presumably be possible for
several water supplies to differ in their final quality, even ifthey were originally
derived from a common catchment area.
Remarkably little knowledge exists concerning the relative amounts of the
numerous stable elements which may be present in drinking water. Certainly no
information is available, at present, concerning thephysiological effects of consum-
ing, over long periods of time, water containing known quantities of particular
elements. The presence of a number of these substances in water may well be
essential for the continued well-being ofbiological systems, including the human,
despite the fact that their total mass may represent an inorganic content of only
I or 2 parts per million. Even the softest waters could therefore contain a number
ofsuchelements at concentrations which, in thelight offutureknowledge, would be
regarded as abnormally high. On the other hand, future investigations may indi-
cate that, from a physiological point of view, such waters are deficient in certain
essential elements.
Still less information is available concerning the organic substances occurring
in drinking waters. Precise and effective tests, specifications and treatment pro-
cesses are directed towards the removal of certain types ofpathogenic organism,
but with this exception, little attention has been given to the identification and
quantitative assessment of the various organic constituents of drinking waters.
The softer waters originally acid in character which result from surface drainage
of moorland areas, could well contain amounts of a number oforganic substances
greatly in excess of the levels present in the harder waters derived from thedeep
wells and boreholes of other parts of the country.
Evidently a standard of water quality, which is related to humanphysiological
requirements, cannot exist until thephysiological rolesplayedby the various trace
elements and organic substances present in water are more clearly defined. These
are necessarily long term investigations, but in the meantime it is likely th"'t
valuable indications would emerge from detailed study of the trace elements and
the organic substances presei-it in drinking waters in different parts of the world.
A beginning has already been made in the United States of America where Durum44 R. C. TURNER
(1960) hasreported data on the relative amounts of 25 different elements observed
in 15 major rivers of North America.
Using activation analysis and spectroscopic techniques, this Department has
commenced investigations aimed at defining the quantities of individual stable
elements occurring in the drinking water supplies of Great Britain. The need for
parallel studies of the organic substances appearing in drinking water, is no less
real and becomes increasingly urgent.
It seems probable that consideration ofmortality rates in relation to this type
of data, rather than to radioactivity, might well further our understanding of
regional differences in the rates shown by a number of diseases, including gastric
cancer.
SUMMARY
Study ofmortality rates for cancer of different sites and for a number of other
diseases does not reveal any correlation between area mortality and the widely
different amounts ofradium 226 and its daughter products known to be present in
the drinking waters available in England and Wales. The areas of Wales which
show surplus mortality from gastric cancer possess drinking water supplies with
ver low contents of natural radioactivitv.
Surplus gastric cancer tends to appear in regions having soft drinking waters
derived from surface drainage, and often having a low pH at their source. This
pattern appears to be maintained regardless of whetber the analysis is based on
differences between counties, countyboroughs or the parts of a single large county
sueb as Yorkshire.
Surplusmortalityrates, due to diabetes mellitus among females and to vascular
lesions affecting the central nervous system in both sexes, also appear in the soft
waterregions ofEngland and Wales. This trend is notdisplayedby cancer ofother
sites nor does it appear in the mortality data for a number of other diseases.
Attention is drawn to the almost complete lack ofknowledge existingthrough-
outthe worldconcerningthetrace elements and theorganic constituentsofdrinking
water.
In conclusion, I wotild like to express my gratitude to Professor W. V. May-
neord, the Director of this Department, for bis encouragement throughout this
investigation.
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